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Selected Ion Monitoring Method for Determination 
of Nicotine, Cotinine and Deuterium-labeled 
Analogs: Absence of an Isotope Effect in the 
Clearance of (S)-Nicotine-3',3'-d2 in Humans 
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A metfaiid for sfmnltaBeqia deiennJoatiOD of nicoliite, itt ineiabolite eoiiiiiiie, and the ytable taotope-Iabeled aaalagn 
•iicatin*-^‘,3'-dj and cDtinine>4',4'^2 plasuu baa been developed. The melliod ndUles capillary column 

ffa chromauigrapby wjth detection by dectron impact mam spcctcometry and seketed inn mnnitoiinB. Sensitiviiy 
b adequate for detetitiinatiaa of Dlcotine and dicatine-dj at conceatutloQO as luvf aa 1 iigm1~', end imiuiiDB aud 
cotinine-di at conecoiTMions as lov as 10 be ml" ‘ tnth good predskin anl asoitacy. The nurdiod has boon used to 
eompato the etlmliiailoa kiDEda of (<S)-nicsdDo-3')3'-dg with oatwal nlcathie in bamaa subjects. Total c V-s r a n w of 
nicotine's',S^-dj was yirtually ideniifial to the tulal Elearanca of utunl mcodiH, which nKdates the use of the 
deutciluin-Iabelsd analog In quantitative studies of akotiiie metabolic disposi&Hi, 


INTRODUCTION 


Stable isotope methodology is frequently used to study 
the metabolic disposition of drugs under conditions of 
chconlc dosing and to determine bioavailabllity.^ By 
adminigteniig a drug labeled with a atablo isotope and 
i^asuring concentrations nmss spectrometrically, quan¬ 
titative aspects of metaboilsm can be studied ’without 
altecing the usual dosing regimen. This is especially 
useful for drugs which may induce or inhibit their own 
metabolism, or in situations where a patient must he 
maintained an a medication. 

Nicotine is a drug which is chronically aelf- 
administered by smokers. Published studies of nicotine 
phannacoldnetics have required abstinence (fom 
tobacco prior to intravenous administration of 
unlabelcd nicotine, in order for tobaeca-detived nico¬ 
tine conoenfratiaii to decline to background leveb.*^ 
This is not an ideal way to study nicotine metabolism, 
since abstinence irom cigarette smokinB may influence 
nicotine metabolism.^ To study the quantitative meta¬ 
bolic disposition of nicotine during smoking, we synthe¬ 
sized a stable isotope-labeled analog with the same 
configuration as natural nicotine, (5)-nicotlne-3',3'-dj 
to administer intravenously to human smokers. This 
paper describes a selected ion monitoring method for 
simultaneous determination of nicotine, nicotine-3',3'- 

d,. and the metabolites cotinine and cotini]3e-4',4'^g in 
hixman plasma. Absence of an isotope eflect in the clear¬ 
ance of nicotinc-3'3'-da in burnans is abo demon- 
stra^, which validates the use of this analog foi studies 
of nicotine pharmacokinetics. 

't Author to whom cormpondence should be addressed, at San 
Pmnelsco General Msroilol Medical Center, Builduix ICO, hotmi 23S, 
IWl Fottero Avenue San FTaecIsca. CiiUlbRiia atiio. 

lOS2-92Qfi/01/030247-06 S0S.C30 
C IS91 by jQbB Wllio’ ^ SoBi, tid. 


EXPERIMENTAL 


Stsndaids and raggents 

NicotiAB tatirate^ and cotinine perchlorate* used as 
analytical standards were Byntbesized as previously 
described. Purity was verihed by melting point, micro- 
anaiysis for C, H and N. and analysis by gas 
chromatography/mass spectrometry (CC/MS).® (S}- 
NicorinB-3',3'-d*, (S)-cotinine-4',4'-di, (±)-nicotinE- 
3',3'-di-IV'-inEthyl-dj and (±)-cotinlnB-3',3'-dj'N’- 
methyl-dg were aynihesized and purifled by previously 
reported meihods.® Toluene and l-baunol were Fisher 
high-performance liquid chromatography (HPLC) 
grade; sulfUric acid was ACS reagent grade. Water used 
in preparation of reagent solutions was distilled from 
dilute chromic acid. 

InstrumeiitailoD 

GC/MS analyses were carried out using a Hewlett 
Packard 5890A gas ohromatograph with a 7673 auto¬ 
matic liquid sampler, a spllt-splitieas capillary inlet 
system, and a. capillary ^ireei Interface to a quadrupole 
mass spectrometer, Hewlett Packard S970B. Data were 
stored and processed using a Hewlett Packard 59970 
MS Chem Station. GC analyses were performed unng a 
Hewlett Packard 5880A instiuncnt with a 7672 auto¬ 
matic sampler, a spUt-BpliUeas capillary inlet syarem, 
Ditrogen-phosphorus detector, and Level IV computing 
integrator. 

Extraction yruesdora (Fig. 1) 

To i ml aliquots of plasma gamjples, aqueous standards 

or spiked piastna controls in 13 x 100 mm gleoa culture 

jiccciixHl as August l?so 
JS f9SiO 
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11 ml plasma] 

ADD INTERNAL STANDARDS 

add n.5mi ZM SODIUM HYDHOWDE W OZM AMMOW* 

add awl OF TOUiEN&l-BUTANOL (TOao) 

VCWTEX. CBITHIFUGe 

DRQANICPHA^ 

ADD a^ml OF O.SM SULFURIC ACID 
VORTEX. raVlHJFUGE 


AQUEOUS PWSR 


DISCARD 

aoubcxb 

PHASS 


ADS S.SmI OF SO% (wu) POTASSIUM CARBONATE 
INO.ZM AMLIqNIA 

ADD iSotil OF TOLUENE;t-BUTaNOL (aono) 
VORTEX CENTRIRJQE 


ORGANIC phase 


CONCENTRATE TO - 2*(il 


INJECT SiA. INTO QC-MS 

Flgura 3. Extraction procedure. 


Was added a mixture of the internal standards, 20 
oa °f (±)-mcotinc-3',3''da-Af'-mfifhyI-da (nicotine^i) 

and 200 og of (±)-cotinine-4',4'-d!,'2i"-incihyl'd2 
(cotinine-d^) in IQO ^ of dOl Iwl HCI. The tubes tvorc 
mixed S min on a vortex mixer, and then D.5 ml of 2 M 
NaOH containing 0.2 M omnioiiiB was added. A 
mixture of toluene and 1-butanol (70:30, 3 ml) was 
added, the tubes were espj^ and vortex-mixed for S 
min. The tubes were centrifuged to break cmulsioEs, 
and then placed in a dry ico-acctane bath to freeze the 
aqueous layer. The organic layers were poured into 
culture tubes eontnining 0.5 ml of 0.5 M sulfuric acid. 
The tubes were vortex-mixed for 5 min, centrifuged, and 
placed in a dry ice-ucetotiu bath to fireeze the aqueous 
layers. The organic laycta were poured off and dis¬ 
carded. Aqueous potassium carbonate (0.Sml of 50% 
w/v containing 0.2 M anunonia) and 90:10 toluene- 
butanol (150 )j1) were added, the tubes were vortex- 
mixed, ceutrifhg^ and again placed in dry ic»-aootone 
to freeze the aqueous layers. The organic layers Were 
poured into 300 pi glass autosampler tnicrovials jind the 
extracts were Chen concentrated lo about 25 pi by 
heating the mierovials in a heating block at 85 ‘C. The 
vials were capped with alumlaum foil and placed in the 
autosainpler tray for OC^^S analysis. 


GCA5S aualyBis 

The injection (2 mU was made in the splitless mode, 
using glass Injection port liners containing a small plug 


of glass wool. The glass wool and injecUon port liner 
bad been previously deactivated by soaking h> 0,2% 
methanoUc poiyethyienc ^ycol 4000 followed by drying 
in an oven for 0,5 h at —'80'C. The injection port tem¬ 
perature was 250 °C, the carrier gas (helium} flow rate 
WBi 1 njl/min”S and septum purge on-lime was 
0,8 min. Separations were carried out on a Hewlett- 
Packard 12 m X 0.2 mm {iised-silica capillary column 
coated with a 0.33 pm film, of cross-linked S% phenyl- 
methylBiliconc, temperatBre prograihmad from 70 “C to 
250‘C at 25*Cniin~^ following an initial hold for 
1 min. The temperature of the tratirfer line to the mass 
specuomoter was calibrated with perfluoro^ 
tributylaminc (PFTBA) using the HP software 'Auto- 
timc’ program. Then, ion current at m/s 69 of PFTBA 
was maximized by a^uatiug the ion focus setting, Ths 
electron multiplier was proEramnred to carry out 
analyses at 2O0 V above ihc Autotuhe v^ue. Ionization ’ 
Was in the electron impact (El) mode at 70 cV, Analyses 
of nicotine and meotine-da were eanied out by moni¬ 
toring the most abundant ions produced by El ioniza¬ 
tion of the analytes and internd standard, m/s 84, $6 
and 88, which result from loss of the pyridine ring. The 
molecular ions {m/s 17S, 178, 180) were monitored for 
cotininc, cotinine-d^ and the internal standard, 
cotinine-d*. The ions were monitored at a mass peak 
width of 0.9 amu with a dwell time of SO ms, in two 
groups; m/e 84. 86 and 88 Stoin 4.0 to 4,5 min, and m/ 
r 176,178 and 180 from 6.1 to 6.7 

Quantification was achieved by integration of the Iqn 
chromaiogiams add constfuctuig fotir-poiat standard 
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corves of nsspoase (peak area ratio of aaalyte/mtemal 
Siacdard) versus ooficeotTaljon, by linear regiesslon. 
Srandard airves were linear fcam 1 ta lOOngml"^ for 
nicotine and nieotiii»'d«, and from lO to lOQO 
for cotinJne and cotininc-d^j wibieh »paDS tlw ranges of 
coDcentrations found in human plasma. Standard 
curvta prepared from aqueous standards and spiked 
plasma standards were virttinlly ideBCicBl. BqDstjotis for 
typical standard curves ware; oicotme'da in plasma, 
y » I).0965jc + 0.0632, r* = 0.999999; aqueoas nicotina 
d«, y = 0.0937*+ 00152, r« = OS997; aicotine-dj in 
plasma, y =0.0951* + 0.049i r* =0.999999; aqueous 
nicotine dj, y = 0.0921* + 0.0398, r* = 0.9998; 
Eotjnine-d„ m plasme, y = 0.0066* + 0.000397, r* = 
0,99998; aqueous eotinin^da, y = 0.0065* + 0.0065, 
r* = 0.999S; cotinine-d] in plasma, y ■■ 0.0062x + 
0.0519, r* •“ 0.99998; aqueoiis .. cotinuie-dj, 
y == 0.0062* + 0.0574, r* — 0.9998. Due to the difficulty 
nf ehtaining plasma complettiy liisc from nicoTioB and 
cotinioc, aqueous standards may be used instead ef 
spiked plasma. Sample injections, data, acquisition and 
analyte concentration detemiaatioiia were carried out 
automadully using the HP Cbem Station aequendog 

and iEi4i;iV 

Precisian and accuracy 

Ptecision and accuracy were detannined by aualyzing 
placnia from non-smokcTs sjdked with known concen- 
tratians of the four analytes (Table 1). In addition, con¬ 
centrations of iiicotina-d„ and cotinise-da detennined 
by GC with oilrogan-phosphortis defectioB’' were coin- 


Talib 1. Intn-day essay praeisiaii end accuracy for 


dieoiifle. 

Bitotfne-di. 

cAtinine 

and 

cotiaiee-dx te ptssma 

cenotavtirsii 

filfl Bl!"’) 

Soogmey- 

CV", 


AoVuaI 


£W 

*») 

IVicotlns 

1 

0,85 

as 

3,1 


z 

2.0Z 

101 

3.4 


5 

4.90 

as 

2.0 


20 

zo.i 

ipi 

1.3 


40 

40,1 

too 

0.8 

NieoTjna-flx 

1 

0.99 

S9 

3.9 


3 

248 

1D3 

i.a 


S 

4.99 

100 

1.7 


20 

20.2 

101 

0.il 


40 

40.7 

102 

1.1 

Cotinlne 

10 

9.3 

33 

2.7 


20 

19.1 

se 

2.2 


so 

4en 

se 

i.a 


200 

197.1 

S9 

0.8 


400 

3S2.0 

S8 

1.0 

Cotln7na.4^ 

10 

9.1 

SI 

5.6 


20 

19.1 

ea 

2.0 


ro 

48.0 

30 

1.8 


zco 

196.7 

so 

0.0 


400 

391 .B 

SB 

1.2 


‘ Sesed on B repticaie analyses. 
’’ CoafficMht of vo^Iatian. 


TaUeX Analysis of pooled unoken' plauna by CIC and 



cc/m 

FJkraJas 

Cnirm 



(n ml-l) 

tuflrftl-’y 

Pijnl 1 

ac/MS (irman Dr4 anslvaes) 

13,4 

1S6 


GC (mast! of B enal/aes j 

13.2 

322 


Mean, GC/MS and SC 

12.8 

209 


PcRantaga devlHUon from moan 

A7% 

B,Z% 

Peal 2 

GC^MS (mean of 4 analyses) 

13.3 

720 


GC (mean ef 10 analyaes) 

1A0 

1S6 


Mean, GCyMS and GC 

13.7 

211 


fercentage devietton Fram mean 

2.6% 

7.1% 


pared with concentrations detsrmiued (Tabic 2) by the 
GC/MS m«tliod described in this p^r. 


Climeai studieg 

The elimination Idnetics a£ labeled and natural tdcotina 
ware compared in five beulthy male smokem, 29-61 
years of age. These subjects smoked an average of 39 
cigarettes per day (range 3D-50). The subjects were hos- 
pitaliud in the Gmeral CUaJcal Research Cenres at the 
San Francisco Cenerai Hospital Medical Center. Alter 
overnight absttnCDCe from smoking, a. so: so mixture of 
(iJl'nicotioe and (^-nicailiu-d;, in a dose of 2 pg kg'’ 
Tnin"^ (total nicotine baaej was infused for 90 nun. 
Plasma samples were collected during and for 6 h after 
the end of the infusion. 

The data were analyzed using standard phar¬ 
macokinetic techttiques, Blinunation half-life and rate 
constant (k) were cempufod by linear nsgrciision of tbe 
log plasma nicotine ocsrantiadoti versus time cum in 
the temunal iog-Iincar phase. The area under the 

plasma cancenttation—tiine curve (ATJCT) for nicalinc 
was computed by the trapazoidal rule, with, extrapo¬ 
lation of the tenninal portion to infinity. Area contrib¬ 
uted by the presence of, natural nicotine before the 
iofiuion was computed as CJk, where Ca was the p«- 
infusion caneeatiation, and was Eubtiactcd from, the 
total AUC to get a net AVC, wfiifib was then used to 
compute clearance (CL), dcacance was computed as 
CL = DOSE/AUC. Steady-State volume of diatributijao 
woe computed by a modd-independent method.** Phaf- 
macokinsiK comparisons between natural and labeled 
njeotiae wok penormed by paired ;-toste. 


RESULTS AKD DISCUSSION 


Methods have been reported previeasly for the determi- 
nation of unlabeled nicotine and ootinine in Molo^eal 
fluids by selected ion monitoritiB €3C/MS,*““** T^esa 
have generally involved El ionizaiion, although for low 
concentraiicuu of eotininc b tissue homogenates chemi¬ 
cal ipnimtion was reported to be udvantegBovs.^^ 
Uring a coznbinstion of capillary GC and high- 
tesolution mass spectrometir, temtogram sensitivity for 
nicotina has been loported.^^ 
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(S)-Mco[ine 
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Figurn 2, Structures of ntpDtins. cotinine and deuteriun-lsbaled 
snakigs. 


The ^ 3 l of the studies described in this paper was to 
develop a method for determiuatiolt of niootind) codn- 
ine and deuterium-labeled analogs that could he applied 
to large nmnhers of samples generated in human phar¬ 
macokinetic studies. To study nicotine itieUbplism 
quantitatively ooncumat with tobaooo use, we synthe¬ 
sized (s)'nieotine- 3 ', 3 ''dr for intravenoas infusion In 
humans.'^ The 3 '-positio]i (Fig. 7) was chosen foi inco]> 


poiation of the label, since tin's posidon remains intact 
in the known ptimaiy metabolites of mootins, and thus 
the ehmination of iiiGoi]iie- 3 ', 3 'Hd] would not he 
expected to be subject to a kinetic isotope effect 
Hie extraction scheme is shown in Fig. 1 . irfixtlllCS of 
toluene and l-butaijol were used as solvents, since they 
are elective for nioodne and cotinitte extraction and 
remain Uquid at —78 "C. aJowing phase separations to 
be carried out by freezing die aqaeous layers in a diy 
ice-aceions bath. To achieve the required sensitivity, it 
was BccBSBBry to concentrate the final extract to a 
volume of about 23 |ii using a hntisg block. Chioiu- 
tography was catried out using a 12 m k 0,2 maa i<d- 
S% pbenylmethylsilicoae cspillsty column with spUtless 
injection. Sharp peaks with good symmetry for anulytes 
ami internal standards were generally tnaintained for 
mcn'Q than 100 consceutlve injeolona When peak iiyai>- 
metiy began to degrade^ the injection port liner was 
replwxd with a clean glass liner containing a small plug 
of polyethylene glycol 4000 deactivated glass wool. This 
genermly reatoted peak syimnetiy, but it was 
occasionally occesaary to break ofi* a 20~30 Cm segment 
of column from the injcciion port end, 

Fnr detenninetion of ntcatiBB and nicodne-dg, ions 
of ffl/z 84 , 85 and the imenul standard, m/js 88 , were 
monitored (Fig 3 ). These ions, whicli result from loss of 
the pyridine ring, are the most abundant ions produced 
by El ionization of nicotine and the deutetiam-labded 
analogs.^ Mo significant interiering peaks were observed 
in the ion riuomatograms derived fiom extracts of non- 
smokers’ plasma, allowing the detreminatioii of nicotine 
and nicoQse-d} oonccAnnuons as low as l ng nl*'*. 

Sins orhar investigators^* teportod less intorference 
from endogenous substances in plasma if the molecalar 
ion (n^x 175 ] of cotuune was monitored, wc analyzed 26 
samples by monitoring the molecular ions (rn/z 176 and 
178 ) of cotidine and eodnine-d}, as well as the most 
abundant ions, m/x 98 and loa For these laraples, 
which were obtained from smokers following an intra- 
venoua infusion of nkofine-dj, cotinine concnatiaiians 
determined by manitoring m/z 98 were highly cotiBlated 
with concentrations detemuDed bom mis 176 
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Pigura 3. lot, chTcrnatssranis of an cxirasc of plaana lyom a gmokBr fol lowing IntrouanauB intUBlon of (h] -nfBoiina-S'.S’-dj , cenwlriing 28 
ng inF< niee8ne> 18 ngml*' tilect1tie-if,,4l}0n9rnl~^ eetlnkiS andfi2 ng ml"' eednlne-di. 
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0,23 

6.16 

Cottnina-do 

100 

0.01 • 

ND^ 

Nieedne-dx 

1.02 

100 

0.26 

CoCinlna-dx 

2.8* 

100 

1.07 

Nleot1na-dx 

0.71 

2.81 

too 

Cotinins-d^ 

0.22 

e.73 

100 


‘OotoTminsd by Befected ion monicarinB snd “Datofmlnad by Mleetod ion monrtoflng and 

IntagratiDn si iho fan chronratoS'^'"*' imag wflon of the ion ehmmatDflfoma. 

' ‘’HiMraiicel valuM “ 


(r^ 0.998), and not signiftcastly diffatont Like^ 

wise, coacBQtralianB of cotuiioc'd^ detennined by maiu* 
ionng m/x 178 and m/x 100 wvte highly comlated 
(r^ aa 0,997), although there was a tendeacy for conooa- 
tratians based on ihc molecular ion to be gUghtly lower. 
It was noind that the mfi 17ti and 178 ion chroinata- 
grams derived from non-smokers' plasma and aqueous 
blank saoipleti wtrtc cleaner, which Indicates that the 
moleculsr ioils are more suitable for determiilation of 
loiv codnine concentrationa. 

Oonceutcations were detennined using the peak area 
ratio of the analyte to its respective tetradeateiatcd 
iniemal standard, apd constructing standard curves by 
linear regression. This was possible because of the ]ow 
deerea of ion overlap (Tables 3 and 4) and because the 
concegntrations of nicotine and sfeotiiu-dx were similar 
in our study. However, In cases in which concentrstiOBs 
of nicoifne and nicotines!, (or cotinine and cocinine-d,) 
differ by several fold, it would be necessary to calculate 
eoRoentrations using equations that take imo account 
ion overlap,^* or to correct concentrations of the minor 
component for contcihutions due to ion overlap with 
tile major camponent, 

Accuracy and precision of the method were evaluated 
by carrying out replicate analyses of spiked non- 
smokers’ plasma. Coelhdents of variation for nicotine 
and nlootme-da wet® less than 4% for conoehttations 
tanging from 1 to 40 ng sal''', whicu spans the range of 
conccntraticHis generally found in smoker’s plasma. For 
cotinine and cotininB-d,. the coeBUdenia of varialion 
wBi® leas than 6% from IQ to dOOngml"^, which like¬ 


wise coveta the range typically found in smokers’ 
idatma. Accuracy ranged Itom 95 to 102% for nicotine 
and nicodne-d, and from 91 to 99% for cotinine and 
ootinine-d, (Table 1). In addiiion, ooncentratiaoB of 
nicotine and codnine in pooled smokers’ plasma deter¬ 
mined by GK!: with nitrogen-phosphorus detection cor¬ 
related well with, concentrations detenoined by CiC/MS 
(Table 2). 

To detennine the vaUdity of using (5)''fiicotinB-3',3'-d, 
in studies of nicotm® metaboUsin in humans, we eom- 
pared the dimination kinetics of labeled and uatu^ 
nicotine in five amokers. This was carried out by admin- 
isteiing an intmvenous Intosion of a SQ:S0 mixiurs of 
nicotine and niootino-d, in a dose which produces 
plasma nicotine levels su^ar to those of heavy dgaretie 
smokers. Mean plasma concentrations of nieotin® and 
nicotino-d, duting and after the infusion arc shown in 
Fig. 4. Total clearance was virtually identical for labeled 
and natural nieotina (Table 5). The terminal half-life 
ih/iP) was slightly longer for nicotme-dc, possibly 
nsuiting from slow release of tofaaoeo-deriv^ nicotine 
from tissue stores. The volume of dwtxfoution of 
nicotine-d, was shnilax to the volume of distribntion of 
natural nicotine, 

Tn summary, a selected ion monitoring method is 
described for simultaneous detenninaiion of nicotine, 
cotinine and dcutcrium-laheled analogs in human 
plasma. Ss^pla injection, data aoquimtion and calcn- 
latlon of analyte concentration have been automated, 
which bos facilltBted the use of the method In large- 

scale clinical studies. Demonstration that the clearance 


Table S, DispasItieD klneilcs of aaioial pisniiiw jud (5)<nlcoODe,3',3',dt in 
flVBsmoken* 


ToulotaannBp HeN-ti^min VpTumBaf 

(snimln'’*) tfbplAbudan t 




NkaD'n—d, 



NiojiVi* 

Nfcxstlnw-ff, 

1 

1200 

1210 

ZlS 

176 

319 

264 

2 

1420 

1E00 

1«7 

132 

317 

2CB 

a 

ino 

1210 

190 

103 

303 

274 

4 

toeo 

1B1Q 

145 

136 

304 

23S 

e 

1730 

1570 

116 

144 

273 

264 

Mean 

14M 

1*20 

166 

146 

a03 

277 

S.D. 

2B* 

IBS 

38 

22 

IB 

18 


m phvhtiacokfrt^^ parsmetsiv corr^arl^df nHeur4i 4Rd f^bo/Ad 
nicotine wis net sJenificani by pafrsd t-test. 
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Figure 4. Mean plasma cancsntjations e< nicoiine and 
nko^lna-d^ In five hutn^n su^ecta during arid afmr lntr8V«nau« 
Infusion 4f A &0 rdO mixtura of nicotine and nlceilne-d, • 


of (S)rniMtine'3',3'*dj is virtually identical to the clear- 
Slice of satUTHl nieptine vaUdatca tho vse of this analog 
for quantitative studies of nicotine meiabolism. 
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